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Abstract

Development of an Open Education Resource for Pharmacology to Address Equity
in Veterinary Medicine Instruction
by
Carl E. Ruby
Submitted in partial fulfillment of the requirements for the Degree of Masters of Science
College of Education; Division of Education and Leadership
Western Oregon University
June 7, 2022

Open education resources (OERs), an alternative to expensive higher education
textbooks, are a potentially valuable tool to both bring equity to the college classroom
and enhance learning. To determine if an OER can be designed to optimize learning and
provide equity to the student in a veterinary pharmacology classroom, an OER content
outline and sample chapter were designed and developed. In addition to the cost saving
benefit of the OER, it was determined that the addition of notable pharmacology role
model profiles that “look like me” to the OER would be a viable means to improve the
self-efficacy of women and underrepresented students and support retention in the field.
Universities have recognized the need to reduce textbook costs and have put into place
tools and programs to facilitate building OERs. Using software like PressBooks and other
iv

resources to aid in textbook design, a three part, eight chapter OER outline with chapter
content description was produced, and a completed chapter, as an example of how the
content and learning and equity elements would be integrated. The successful
development of these two products was not difficult and with the proper instruction and
support a completed OER to better convey the principles of pharmacology in a veterinary
setting and bring equity to low income, women and underrepresented students could be
produced. The products of this project will serve as the foundation to a completed and
applicable OER, and at that time the true impact of the OER can be fully understood.

v

Chapter 1

INTRODUCTION

I have been an instructor at the Carlson College of Veterinary Medicine at Oregon
State University teaching Veterinary Pharmacology for the past three years. During this
time I have made numerous observations. One observation was the great financial burden
on veterinary medicine students, due primarily to the high cost of tuition; however the
highly specialized field is also associated with a number of ancillary costs associated with
the degree program. One notable cost is for highly technical textbooks. Indeed, when I
prepared content for my course, one of the first steps was to identify a teaching textbook
for the course, and I quickly found out many of these highly detailed textbooks can cost
up to $596 (e.g. “Comparative and Veterinary Pharmacology”;
www.betterworldbooks.com). In addition, it appeared that multiple textbooks might be
needed for the course, potentially adding a substantial financial burden to a number of
students.
The high cost of textbooks in veterinary medicine training is not a phenomena
specific to this field, but can be found throughout higher education. In fact, at Oregon
State University the cost of textbooks can run up to $600 per year, equalling about 5% of
the total college costs per year as an undergraduate, but in specialized degrees textbook
cost are likely greater. The significant price of textbooks impacts a large number of
1

students that often struggle to make it financially day-to-day in college, in particular low
income students. Sadly this struggle with high textbook costs is not a new concern and is
often covered by the media (Wu, 2019). Thus, in order to break from the traditional high
priced higher education textbooks that place a significant financial hurdle to access to a
post-secondary education for many students, particularly low income students, college
textbooks needed to be reimagined to provide equity.
What is equity and what does it mean to me? Equity can be easily defined as
being fair and impartial, but this simple definition does not fully describe this important
concept. Equity is an absence of barriers that exclude people with non-dominant or
marginalized experiences, perspectives, and identities. It also recognize that everyone is
not starting from the same place, thus help is needed for survival or success. Equity is
access to opportunity, networks, resources, and supports based on where we are and
where we want to go (Putnam-Walkerly, & Russell, 2016). In addition “equity is also
different from “equality,” in which everyone has the same amount of something (food,
medicine, opportunity) despite their existing needs or assets.”
(Putnam-Walkerly, & Russell, 2016)
Another challenge faced across higher education campuses is integrating diverse
voices from a broad range of backgrounds. In science, technology, engineering and math
(STEM) there is a need to better include women and underrepresented students from
different backgrounds, such as other cultures and sexual orientation, as well as retaining
these student once they have chosen a STEM degree path. Unfortunately one of the key
learning sources used for higher education STEM, textbooks, may not be conducive to
2

inclusion and in some cases may do the opposite, limit inclusion and retention. In fields
of STEM and medicine, much of the structure of teaching has been shaped by the
previous norms of white and male and this is evident in the textbooks that are the basis
for learning in many courses. Unfortunately these remnants of the past still linger and
hide in plain sight in textbooks and undermine women and underrepresented students.
Thus, in order to break from the past and provide equity to women and underrepresented
students in higher education STEM, textbooks needed to be redesigned to better engage
and retain women and diverse students.

The Project Description
The ubiquitous textbook is traditionally associated with schooling, learning, and
science. The time to reimagine its form and redesign this instructional staple for equity in
the classrooms was long overdue. For my Western Oregon University Profession Project,
I proposed to initiate the development of an open education resource (textbook) that
would both reduce the cost of a key learning resource and help retain underrepresented
minorities and women in a STEM field.
A final open education resource (OER) could both reduce the cost of access to a
textbook to students, due in part to digital distribution, and allow for the integration of
different voices through a holistic presentation of the history of pharmacology that
focuses on role models to “look like me” and ultimately support the retention of women
and underrepresented represented students in the field. The definition of an open
education resource (OER) is “the open provision of educational resources, enabled by
3

information and communications technologies, for consultation, uses, and adaption by a
community of users for a non-commercial purposes” (UNESCO, 2002). Due in part to
the complexity of a writing a OER textbook and the necessary involvement of a number
other publishing entities and stakeholders, the project extended beyond the boundaries of
this Professional Project; however the development of a initial draft of a chapter, plus an
outline for the textbook with the incorporation of potential figures and/or graphics was
attainable and notable. The project in this form was impactful by its alignment with the
Mission Statement for the Western Oregon University Masters of Education program,
which includes the goal of improving the quality of education, using creativity,
innovation and research. The development and writing of an OER textbook was both an
innovative means to providing an accessible form of content to learners and a creative
approach to engage and support underrepresented students.
The setting for the project was the Veterinary Pharmacology course VMB761 at
the Carlson College of Veterinary Medicine. This course is taught on a yearly basis to
second year veterinary students during the fall term. The course is two credits and is
considered to provide a basic background of pharmacology and complements the followup course in the winter term, Veterinary Pharmacology II (VMB762). The follow-up
course is a detailed study of the drugs typically used in the veterinary clinic and provides
an early and relevant survey to the students. In addition the setting of the project extended
beyond the Carlson College of Veterinary Medicine to include interactions with other
groups at Western Oregon University and Oregon State University. These critical
interactions included graduate committee meetings, discussions with the Oregon State
4

Open Education Resource division of the OSU Ecampus, as well as students from my
veterinary pharmacology classes and faculty in Oregon State University Bioscience and
Veterinary Medicine.
The complexity of the development of the open education resource (textbook)
required extensive resources to advance the project from innovative idea to impactful
tool. I had identified the Oregon State Open Education Resources (OER) Group as a key
resource to initiate and finalize the publication of the textbook. This group provides a
number of important resources and advising that resulted in the publishing of at this time
36 open textbooks at OSU across a range of studies from engineering to science and even
to veterinary medicine. The OER unit specifically provides support to all Oregon State
academic colleges in developing affordable learning goals to lessen students’ financial
burden and offer Affordable Learning Grants for faculty who “adopt, adapt or author ''
free and openly licensed textbooks. Under this umbrella, the OSU OER helped with
consultation, design and specific publishing tools. The publishing tools included the
following: a guide to developing open textbooks (Commonwealth of Learning), authoring
textbooks guidelines (Rebus Community), Pressbook authoring guides (Pressbooks),
accessibility toolkit – Second edition (BCCampus), copyright and fair use and Creative
Commons Licensing information. However, it is the Affordable Learning Grants resource
that could facilitate the ultimate publishing of the proposed textbook. These grants
provide financial support to cover editing expenditures (which can cost $2000), copy
editing, technology and support for the author(s) to ensure full development of open
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textbooks. The proposed OER outline and sample chapter that make up this Professional
Project will form the basis for a grant submission.
The proposed Professional Project included a number of specific steps for
research, development, writing, editing, testing and publishing. I identified six stages of
development, (1) researching innovative approaches for engagement and inclusion of
diverse students from different backgrounds, cultures and sexual orientations, (2)
structural development of the textbook, (3) writing the content and initial edits, (4)
preparation and submission of a grant proposal to OER’s Adapt, Adopt and Author
funding mechanism, (5) e-publication with Pressbooks and beta testing of the textbook in
the VMB761 classroom, and (6) final publication. These stages possess specific aims and
outcomes that overlapped and enabled the other stages. Thus, while it appeared to be a
sequential movement from stage to stage, in reality aims and elements of one stage were
addressed in parallel with elements of another stage. Only the last two stages fell outside
the boundaries of the project. These will be initiated in the future using the foundation
that includes the completed first 4 stages. In fact, these last stages may require up to a
year to complete the publication of open textbook (See Timeline).
One of the first steps in the proposed project was to research textbook approaches
to support and include learners from diverse backgrounds at the higher education level. I
assessed the literature on this topic (Chapter 2 and 3), supplemented with “on-theground” general discussions with veterinary students. After an informal assessment of the
course, which often includes comments regarding the veterinary pharmacology textbook
being used during the year, I assessed the general comments of the class. The students
6

described several problems they have encountered with the current textbook for
veterinary pharmacology and previous science textbooks. These included textbooks that
are unnecessarily dense or too wordy. Instead students preferred textbooks that were
“short and sweet” and “got to the point”. Practice problems are important as well as
picture, animations and figures. These comments and others aligned with my research
and from other guides to writing textbooks (Lepionka, Wakely & Gillen, 2016).
The second stage was the development of the scaffold of the open education
resource (textbook). The research acquired in the first stage, provided a rough framework
of the textbook, which was then further refined to give the textbook a more formal
structure to build upon during the writing phase of the proposal. The primary aim of this
stage was to begin the process of placing content into the structured scaffold of the
textbook outline that supported the written portion of the textbook. My own experience as
post-graduate-trained instructor in the field of pharmacology, existing pharmacology
textbooks (some of the textbooks used in my course), and other peer reviewed journal
articles served as the basis for the pharmacology content framework. This content was
arranged to flow from one topic to the next and build on the previous sections. This build
up was recognized as being important by the students in my class and previous work in
textbooks provided a great example. By building a content framework which had roots in
the traditional pharmacology textbook and addressing the feedback from the consumers
of the textbook, the students, a better product was initiated. This stage also involved
materials such as guide books and technical references to writing textbooks, and
resources from the OSU Open Education Resources group. The OER group also helped
7

to provide consultation on the design of the textbook, including the creation of unique
graphics or if needed use of openly licensed content.
The next stage was the actual writing of the content for the open textbook. This
process was expected to require a significant amount of time and effort to write the
multiple chapters that would make up the OER textbook on pharmacology fundamentals.
Thus, it was decided that at least one chapter should be formally prepared for this
Professional Project. At this stage, I relied on the previously mentioned writing resources,
my experience as post-graduate-trained instructor in the field of pharmacology, existing
pharmacology textbooks (guides to writing specific content), and other veterinary college
faculty. I have written several specialized science book chapters in the past, as well as
being the primary author of about dozen scientific manuscripts. This extensive experience
was and will be the basis for the content writing the following chapters of the textbook:
drug-receptor interactions, pharmacodynamics, absorption, distribution, metabolism,
exertion, drug toxicity and drug-drug interactions, and clinical calculations. Often these
fundamentals are quickly addressed to provide the student with a foundation for clinical
pharmacology, but these sections should be better developed to give the veterinary
student a deeper understanding of pharmacology without the content being
overwhelming. In keeping with the Professional Project, I prepared a draft of the chapter
on drug toxicity and drug-drug interactions. To keep things moving smoothly, this stage
was supported by the OSU OER group through tracking and consultation and the primary
aim was to complete the first draft of the chapter and link it to any supporting graphics
within the imagined framework of the textbook outline. Edits from others and the OER
8

staff helped move the textbook to a stage where it could begin to be used in the
preparation of the OSU “Adapt, Adopt, Author” grant proposal, described in more detail
below.
The fourth stage of development of the open textbook for veterinary
pharmacology was the submission of a grant proposal to the Open Education Resource
(OER) division. The mechanism, “Adapt, Adopt, Author” has been put into place to fund
the publishing of OERs. The funding can be used for professional editing, additional
authors and for specific technology to ensure the project is completed. Proposals are
submitted for committee review and the ability of the textbook to demonstrate savings to
the student and improve accessibility of the content are taken into consideration. I will
submit a grant proposal to OER with the aim of providing critical funds to move the
textbook from the early draft stage established by my Professional Project to full
completion and publication. This will occur after the completion of this project (June
2022).
The fifth stage of development will likely occur later as the completed OER
textbook will be beta tested with students enrolled in the VMB761 course. This step is
important to determine if the content, graphics, accessibility and interactive content
functions as expected. In addition, feedback from the students will direct potential
changes to the content, structure or graphics to ensure optimal learning. The back-andforth between development and live use in the field is expected to polish the textbook
product and facilitate a move to the final stage of development.
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At last the sixth and final stage of development, publication of the text in an open
resource network. Although this sounds like a simple process, it has been mapped out to
potentially take 10 critical steps over the course of over 6 months to reach the FINAL
product. The ten steps include in house review, copy editing, building of Pressbook shell,
finalization of the manuscript, Pressbook build, quality assurance, final review, correction
completed, author final approval and approval of marketing materials. These steps are in
collaboration with the OER at OSU. Final sharing through creative commons and
commercial licenses round out the final stage of the development of an open source
textbook for veterinary pharmacology.

Timeline
The timeline for this project was dependent on two key milestones, my fulfillment
of the requirements for a Master of Science, Education at Western Oregon University and
the ability to secure funding and assistance from the Oregon State University Open
Education Resource division. The first milestones was reached at the end of the Spring
2022 term in regards to awarding of a Masters and the second will be reached later in the
year after my June 2022 submission is reviewed and a determination of an the Adopt,
Adapt, Author grant to provide the resources to fully publish the open textbook is
provided by OSU. The process of finalization of the textbook and approved publication is
expected to span the fall term 2022 for beta testing and the addition of 180+ days,
resulting in a Spring 2023 completion date.
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Goals
The development, writing and publication of an open source textbook for
veterinary pharmacology students will accomplish the following three goals: (1) create an
easily accessible textbook that reduces the cost to the student, (2) fill a gap in the type of
content that is “right sized” and more focused on veterinary medicine, and (3) provide
support and engagement of student from diverse backgrounds. Although the completion
of a fully approved and published open source textbook would likely extend beyond to
time-frame of my fulfillment of the requirements for a Masters of Science, Education, an
earlier milestone of a completed draft textbook that could enter into the classroom in the
context of beta test would be a significant and worthy accomplishment. This draft,
regardless of publication status, would be the backbone of my instruction of future
VMB761 Veterinary Pharmacology I courses at Oregon State University, replacing a
textbook that did not fully fit the needs of the students and was a potential financial
burden. In addition, incorporation of new and innovative approaches to better support and
engage students of diverse backgrounds is a needed step towards inclusion in the field of
science and medicine. Thus, this Professional Project is expected to improve the quality
of education through the creation of creative, inclusive and innovative open source
textbook/content.
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Chapter 2

LITERATURE REVIEW

Purposes and Objectives for the Literature Review
My purpose in this review of the research was to discover how to build equity for
low income students, women and underrepresented students in a higher education science
classroom through reimagining the role and redesigning the content of a textbook. I
searched for research and statistics on the current role of textbooks in higher education
and how instructors use these learning tools to communicate content and the potential use
of open education resources (OERs) as an alternative to the traditional textbook. In
addition, and more importantly, I searched for research on the impact of college and
university based textbooks on student success, gender stereotypes, demographic
differences in science, technology, engineering and math (STEM) and textbook content in
this content area.
I am a life-science instructor at the higher education level. Gender and cultural
demographics my classroom have changed to better reflect the demographics in this
country. These demographic changes in colleges and universities are overdue and are
moving away from being dominated by Anglo males. For this literature review, I focused
on studies that addressed economic, gender and cultural responsiveness for the content
areas of life-science, biology, pharmacology and chemistry, as these are areas of my
12

instruction and expertise. The goal of this literature review was to understand the
underlying issues that have lead to the increased cost of textbooks in higher education,
the ramifications of these changes on low income students and determine if the textbook
can be reconfigured to be more equitable to women and underrepresented science
students. This review was the the first step taken in order to effectively design my
Professional Project, the development of an open education resource (OER) textbook for
veterinary pharmacology.

Social Justice
A quick word on social justice. My driving motivation to undertake this
Professional Project was as a teacher for social justice and this motivation helped define
the framework for my research review to support development of a project that explores
the reimagination of a textbook to bring equity to a veterinary pharmacology classroom.
Social justice can be defined through distributing resources fairly and treating all students
equitably so that they feel safe and secure, but it goes further than that. Social justice
approaches also refer to “standpoints and scholarly traditions that actively address the
dynamics of oppression, privilege, and isms, recognizing that society is the product of
historically rooted, institutionally sanctioned stratification along socially constructed
group lines that include race, class, gender, sexual orientation, and ability” (Sensoy &
DiAngelo, 2009, p. 350). In addition, I believe teaching for social justice includes being
an ally to students to support them as they reflect on any mechanisms of oppression and
help them challenge the established norms or hierarchies.
13

There have been dramatic changes in the college classroom over the course of the
last century. As an example of this change, at the Oregon State University Veterinary
College the student profile has moved from being majority white male to now being
80-85% female and minority students. These demographic changes have occurred faster
than changes in the curriculum and materials that support student learning to better reflect
the new demographic make-up of veterinary classrooms. As an instructor and mentor in
science I have firsthand experience, both interacting in a diverse classroom or laboratory,
to the challenges that exist to adequately reach diverse students after being trained in a
system that relies on traditional male and Western cultural norms. As a science mentor in
Chicago, I had the opportunity to have students from cultures all around the world, as
well as those from closer to home, in my laboratory and classroom. These diverse
students were dealing with different problems and issues than I did as a student regarding
inclusion in science fields. These students and others have different frames of reference
and community norms that influence their behaviors and attitudes about school and
learning. Giving these students the opportunity to participate in higher education learning
in ways they understand and can relate to is an important goal and critically important for
me to be able to teach with social justice.

Procedures for the Literature Review
I selected literature for this review based on several specific criteria. Research on
textbooks in higher education was used to cast the widest net on the subject, but
subsequent searches focused on highly relevant reviews and current research, typically
14

within the last 15-20 years, on the subject. More focused searches of the literature
following the initial search contained the following descriptors: gender, demographics,
cost, STEM, and diversity. This search still yielded a large number of relevant articles. In
order to narrow my findings and make them more specific to this research project, I then
focused my review efforts on articles that addressed the science content that most impacts
my instruction, life science, biology and chemistry. From there, I looked for articles that
supported sub-themes that emerged from the major articles in my literature review. These
sub-themes are: 1) impact of textbook costs on student attrition, 2) affordable and/or
open access textbook approaches and 3) gender and underrepresented minority
differences in STEM. For these sub-sections, I initially searched Pubmed (NCBI
database), ERIC (EBSCO database) and Google Scholar for articles that met the
keyword criteria listed above, along with conducting a search for books through Google
Scholar or in the data base of the Valley Library at Oregon State University. After finding
these resources, I hand-searched their reference lists, as relevant sources to find
additional related articles and books.
In order to integrate the literature review, I developed a protocol to aid in the
separation of research into three major themes: 1) the cost of a textbook, 2) open
education resources, and 3) gender and cultural inequality in textbooks. I would read
each article to assess these broad thematic categories, and then, through a process of
reading and rereading for key features of each study, I determined the subheadings in this
literature review. My intent was to start with a broad treatment of each theme and then to
systematically reduce broad understandings of how science textbooks impact the learning
15

and college outcomes of economically disadvantaged students, women and
underrepresented minorities. These major themes and other sub-themes are presented in
the following research review and form the foundation of my Professional Project, the
development of a textbook that would be more equitable for these groups in veterinary
medicine instruction by integrating these findings and results.

Low Income Student College Attrition
The economic disparity between the top earners and the lowest earners in the US
is severe and more potential college students are coming from parts of the country mired
in poverty. These students likely grew up in disadvantaged homes and tended to live in
neighborhoods that have high crime, violence and gangs (Saint, 2018). In addition, many
families fell into a debt trap that led to homelessness (Morgenson, 2018). Students may
continue to contend with the stress of these issues, plus the stress of college classroom
requirements. Financial considerations are often complex for many of these students, as
they continue to support other family members and can quickly deplete resources, both
time and money, needed for attending college. These disparities in economic class can
result negatively on many aspects of a students life and add to the challenges of attaining
a college degree.
In 1965 the United States signed into law the Higher Education Act to ensure US
students would be able to easily pursue the goal of a college education; a commitment to
an affordable education for all. Unfortunately this has not been the case, as students have
seen increasing costs of college due largely to a shift in the financial burden moving from
16

the state governments to the student. In fact, student now carry about 50% of cost of
higher education compared to 33% just a few decades ago (Korn, 2015). Thus, it is not
surprising that student debt has risen quickly for American students. The impact of this is
felt more acutely for low income students and can significantly affect their ability to
successfully graduate. In fact, while college completion rates have increased for wealthy
students, low income students have not seen these gains, as levels have remained rather
static (Korn, 2015). In 1970, 40% of students from families in the top income quartile
earned a college degree, in 2013, 77% did. In contrast, just 6% of the students from the
lowest income brackets in 1970 earned a college degree and 9% earned a degree on 2013.
This gap in graduation rate has occurred even as the number of students from lower
incomes are enrolling in college at higher rates during this same 43 year period, from
28% to 45% (Korn 2015).
Although a number of government sponsored initiatives, such as GEAR UP which
targets low income students, have increased some college preparedness, unfortunately
taken as a whole, low income students, have experienced a high attrition rate. Keeping
lower income students on campus is a challenge for Colleges and often attrition can be
attributed to a number of different factors, with a lack of resources being one of the
primary reasons (Engle & O’Brien, 2007). Specifically, many of these students must
allocate resources to commute to campus and take care of other family members (e.g.
single parent with dependent children), forcing them to take classes part time while often
working full time. Sadly, previous avenues of financial support in the form of Pell grants
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have stayed flat for the last 30 years forcing low income students to find other financial
means to remain in college (Korn, 2015).

Textbooks and the Impact of Their Costs on Higher Education
Textbooks have been the primary method to relay content and learning material in
colleges and universities for decades. In science, the textbook is often the cornerstone of
undergraduate introductory courses. As an instructor of an introductory pharmacology
course at the Carlson College of Veterinary Medicine at Oregon State University, I rely
on a textbook and assign a number of different readings throughout the course, but does
content from a textbook actually support student learning. A study by French and
colleagues (2015) assessed science textbook use and its effects on student performance.
The authors surveyed over 1000 college and university students across a range of science
courses. The vast majority, 80%, of students surveyed in this study reported they used the
textbook often or sometimes and the corresponding average grade for these students was
higher than students who use the textbook less frequently on not at all. The results from
this study suggest students can achieve a higher grade through the use of textbooks. The
authors note that “students in the required text courses perceive the text to be more useful
for learning course content and even for reading out of interest, suggesting that having
text/exam questions based solely on the textbook does promote an appreciation of the
textbook utility that goes beyond the immediate learning objectives of the course.”
(French et al., 2015, p. 177). These finding strongly suggest utility of using a textbook in
the science classroom in higher education.
18

The adoption of the textbook as a valuable tool to support content proficiency has
become embedded in higher education, but the cost of high quality textbooks have added
to the financial burden students face, with yearly costs often reaching $900 and more
(Martin et al., 2017). Although these costs don’t appear to be substantial, they can equal
up to 26% of tuition costs at a four-year public university and up to 72% of tuition costs
at community colleges. These associated costs can be a challenge to low income students
and are often unrealized until the beginning of a course.
One of the significant effects of high textbook costs is changes in student
academic behavior. In a study from the Florida Virtual Campus, students and faculty were
surveyed to assess their perspectives on textbooks and course material (Textbook, 2016).
All 40 Florida colleges and universities participated in the study that included 11
questions regarding cost-related questions. The data from the study provided a deeper
understanding on the amount of money Florida’s public colleges and university students
spent on textbooks, the frequency these textbooks were not used, how students were
affected by the cost of the textbooks, and identification of the most effective study aids
(Textbook, 2016).
There were a number of key findings from this survey. First, the high cost of
textbooks negatively impacted student access, success and importantly completion. The
overwhelming majority of students, 66.9%, did not purchase required textbooks and
learning was affected, with nearly 20% failing a course. Time to completion/graduation
was impacted, as students frequently took fewer courses (47.6%) or dropped a course
(26.1%) (Textbook, 2016). The second key finding from this study was that textbook
19

costs were trending higher, as 75% of respondents spent more that $200 more on
textbooks per term, whereas in previous years that cost was less. A third key finding from
the study was instructor-required textbooks were often not alway used in course
instruction. Students surveyed noted that 2-3 textbooks that were purchased, were not
used. Finally, it was revealed financial aid covered less or none of the cost of textbooks,
in fact, nearly one-third of students who received financial aid reported that the aid did
not cover their textbook costs (Textbook, 2016).
In a second similar study at a large private university, Brigham Young University
in Provo Utah, students were surveyed to better understand the impact of textbook costs
(Matin, et al. 2017). Martin and colleagues noted 66% of students stated they did not
purchase a textbook due to cost and over half of these students said that not purchasing
the textbook negatively affected their grade in the course (Martin, et. al., 2017). An even
greater percentage of students (86%) delayed the purchase of a textbook because of the
cost, and this delay had a negative impact on their grade. Furthermore, 37% of students
surveyed dropped a course due to costs and 21% registered for fewer courses due to
textbook costs (Matin, et al. 2017). The authors state “clearly the cost of textbooks can
impact academic progress (i.e. completion) when students delay taking courses or
withdraw altogether from class in which they are enrolled” (Matin, et al. 2017, p. 88).
Thus, two independent, complementary studies on the perception of textbook cost in
higher education reported surprisingly similar results and highlight the role that textbook
costs have on student degree completion.
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The high costs of textbooks have a greater impact on students who have
difficulties making ends meet. In a recent study (Martin et al., 2017), students were asked
what they would spend their money on if their textbooks were free. A number of students
said the money saved would go directly to education. The authors’ noted the following
statement reflected the desire to pay for college, “If I didn’t have to get textbooks, I could
get smaller school loans.” One of the comments from a student clearly states what the
burden of excess textbook costs means “To pay for housing and food so that I didn’t have
to work as many hours. ”Without the burden of textbook cost students would have the
chance to focus on school and post-graduate opportunities and not housing or food
(Martin, et al. 2017, p. 83).
In addition, for working students the cost of textbooks also has implications for
academic success and ultimately completion of their degrees. A recent study by
Wittkower and Lo (2020) found that students would need to work outside of the
classroom, often up to 30 hours per week, to pay for course materials each semester.
These students are more sensitive to the overall cost of textbooks and changes to these
costs compared to those who did not work (Wittkower & Lo, 2020). Many of these
students have dropped or withdrawn from courses due to the costs of textbooks, affecting
grades, course completions and overall retention (Wittkower & Lo, 2020).
It is clear that the cost of textbooks significantly impacts student success in higher
education, in particular low income students already at a resource disadvantage, but why
are college textbook costs so substantial and why is there a constant trend toward higher
prices? There are a number of economic and market-based factors that appear to be
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contributing to the high cost of college textbooks. The fixed costs of publishing textbooks
are a key factor for their high prices (Carbaugh & Ghosh, 2005). The underlying fixed
costs of a hundred dollar textbook can be divvied up, with publishers contributing the
largest costs with about two-thirds of the price attributed to the cost of paper, printing,
editing, marketing, administrative costs and income. The author(s) of the textbook
contribute about 10% of the fixed costs in the form of income to pay for their effort in
writing and compiling the textbook. The remaining 25% of the fixed cost of the hundred
dollar textbook is based on the college bookstore for personnel, building costs, freight
and income (Carbaugh & Ghosh, 2005).
Beyond the high fixed cost of publishing textbooks, there have been several other
market changes occurring recently driving textbooks costs even higher. Two decades ago
the college textbook industry was transformed as multiple publishers formed an oligopoly
dominated by Pearson Education, Thomson Learning, McGraw Hill and HoughtonMifflin. These four entities account for nearly three-quarters of all textbook sales in the
US (Carbaugh & Ghosh, 2005). Thus, the market competition in college textbook
publishing was significantly reduced and gave these publishers increased pricing power.
In a normal market when consumers (e.g. college students) have multiple choices for
products like textbooks, prices are kept under control due to competition, but in the
current textbook market that doesn’t exist (Allen, 2010). This is exacerbated by the
professor forced to choose the textbooks students must buy from a limited pool of
products. Publishers also regularly release new editions every 3-4 years, which often have
just minor changes not aligned with older editions, causing confusion for students and
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professors if the older editions are used as cost effective alternatives (Allen, 2010). In
addition, publishers can also increase costs 10-50% to students by bundling textbooks
with workbooks, CDs or pass-codes rarely or never used by professors (65%) (Allen,
2010). Thus, the affordability and accessibility of textbooks are effectively controlled by
just a few publishers thereby putting unnecessary financial pressure on students in
colleges and universities in the United States.

Cutting Textbook Costs and Open Education Resources
Textbook prices have significantly increased year after year affecting the
affordability and accessibility of higher education, but technological developments and a
number of motivated groups are creating new options to address the runaway costs of
textbooks. In 2008 the Higher Education Opportunity Act was reauthorized and amended
by Congress to include provision to force publishers of textbooks to be transparent in
their pricing of textbooks. From this act there has been a renewed awareness and
increased research to reduce the costs of textbooks.
One such option is to cut costs of traditional textbooks. The introduction of
options such as textbook rentals, e-books, and e-readers have emerged as less expensive
approaches to the traditional textbook market (Allen, 2010). These options can
accommodate a wide range of student preferences, including print or digital. Although
students tend to be most comfortable with print textbook (75% of students surveyed),
some are amenable to using both, suggesting the trend toward digital textbook reading
will increase (Allen, 2010). The preferences of students centered on the readability of
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print books being superior to other choices, but digital books were preferred for their
convenience and their easy ability to be carried (Allen, 2010).
Another approach to cut the costs of textbooks is to provide the option to rent.
Renting has enormous cost saving potential; however, students surveyed had mixed
responses regarding renting or owning. Most students would rent some or most of their
textbooks, but the majority of students would still buy to own some of their textbooks
(Allen, 2010). Cutting textbook cost through the use of e-reader (e.g. I-Pads and Kindle)
appeared to be limited due to these options only appealing to a subset of students and
would reduce costs by less than 10% (Allen, 2010). When combined (rentals, e-books
and e-readers) these options do offer savings to some students, but the combination fails
to encompass the whole market and may not offer the long-term solution that is needed
(Allen, 2010).
Another approach to control the cost of textbooks and supplemental material in
higher education and reduce the financial burden on students is implementation of open
education resources (OER). The broad definition of open education resources is “the open
provision of educational resources, enabled by information and communications
technologies, for consultation, uses, and adaption by a community of users for a noncommercial purposes” (UNESCO, 2002). These OERs can also include textbooks and
may reduce the costs for all student groups. A model described by Allen (2010) estimated
the potential for market-wide savings using OER, which includes color printed books,
black and white printed books, digital and printing and digital to be on average less than
$30 per textbook. This equates into an 80% reduction in overall textbook costs per year
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for the average student ($900 versus $184) (Allen, 2010). The different options of open
education resources also give students the flexibility to use textbooks based on their own
specific learning preferences. By accommodating the student both in cost and format,
OERs make an effective solution for mitigating the high cost of college textbooks (Allen,
2010). The disruption of the textbook market through OER will incentivize textbook
publishers to find ways to retain and gain market share by earning the students’ business
to reduce cost, increase options and stimulate innovative new platforms.
The primary challenge with OER is the establishment of a large selection of highquality open textbooks for all the general and specialized courses that exist in higher
education (Allen, 2010). There has been an ever expanding increase in open textbooks
and the momentum appears to be sustainable, providing optimism in the success of this
textbook platform.
The promise of open education resources (OER) to reduce the cost of textbooks
for college and university students is exciting, but can this innovative platform for
delivering content impact student success? Although there has been a focus of OER on
cost savings and student perception, less is known regarding the impact of OER on
student learning. In other words, if student learning is decreased by OER, the cost savings
become irrelevant. A recent study from Colvard and colleagues (2018) sought to
understand how courses employing OER impact student success metrics and academic
achievement. The critical questions asked by this research were, 1) what impact of OER
textbooks on student academic performance as measured by final grades, 2) does the use
of OER textbooks affect students from a low socioeconomic background
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disproportionately compared to other students, and 3) does student performance increase
significantly for those from underserved populations when a free OER textbook is used
instead of traditional textbooks. Academic performance was assessed with several
different metrics for students using OER and was further subdivided by income status,
underrepresented minorities and registration status (part time v. full time). Across all
subdivided groups the students using OER tended to perform better than students using
traditional material (Colvard, Watson, & Park, 2018). Although drop-out rates were not
assessed in the study, the authors deduced reducing the number of students who would
fail would have a positive impact on retention. The results from this study and other
strongly suggest that OER is an equity strategy for higher education to provide low
income students, students from underrepresented minorities, and part-time students to
improve student success in course settings (Colvard, Watson, & Park, 2018; Lambert,
2018; Dimeo, 2017). The empirical foundation established by this work regarding the
impact of OER on student success should motivate changes by faculty in higher
education on the best approach to take to increase equity and student success (Lebens,
2021).

Disparity of Gender and Underrepresented Minorities in Science
The United States has been an active global participant in advancing our scientific
knowledge and understanding to fuel new innovations that impact all of society and
humanity. The general term for many of the scientific fields used by educators,
policymakers and academics is STEM. This refers to Science, Technology, Engineering
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and Mathematics (STEM). A large number of entities and groups actively assess STEM
careers and STEM education to measure the ability of the United State to compete with
other countries in these fields and to guide policy and funding to realize the full potential
of human capital in this country. Beyond STEM contributing to humanity as a group,
STEM careers can have significant effects on individuals. Careers in STEM can be stable
and provide financial success, as STEM careers have higher earnings compared to nonSTEM careers ($77,400/yr versus $46,900/yr respectively) (Fry, Kennedy, & Funk,
2021). In addition, STEM careers can provide leadership opportunities both locally,
nationally and internationally. The primary source of STEM labor (careers) comes
directly from college graduates in STEM fields and the US government has shown a keen
interest to fill STEM careers, often directing policy initiatives to this end (Gonzalez &
Kuenzi, 2012). STEM education, defined as the teaching and learning in over 1000
degree programs across undergraduate studies to professional doctorate programs that fall
under the umbrella of STEM, is a critical factor in filling STEM careers (Fry, Kennedy, &
Funk, 2021; Gonzalez & Kuenzi, 2012). Fortunately, there has been a strong upward
trend in the number of degrees conferred, as STEM degrees account for 36.4% of all
degree conferred yearly in the US and the number of STEM degrees has doubled from
1966 to 2008 (Gonzalez & Kuenzi, 2012). Unfortunately these degrees are not equally
conferred among women and underrepresented minorities and thus, a disparity in STEM
careers.
In the United States there is an ongoing disparity or gap in the number of people
from underrepresented minorities in STEM, as well as a gap in the number of women in
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specific STEM fields. Black and Hispanic minorities are underrepresented in STEM
careers, in particular fields such as life science, math, physical science, computer
technology and engineering; however in health related fields the gap has nearly closed
(Fry, Kennedy, & Funk, 2021). The representation of women in STEM careers is also
lagging significantly in two certain fields, but has shown near parity in several fields such
as life science and mathematics (Fry, Kennedy, & Funk, 2021). In the field of health
science, women make up the large majority of workers, but women in this field are still
underrepresented in leadership and specialized areas of academia and medicine (Coe,
Willey, & Bekker, 2019). The trend of STEM jobs in the future suggest that unlike other
fields, STEM jobs look to increase 9.2% from 2019-2029, three times more than nonSTEM jobs (3% increase from 2019-2029). As more STEM jobs are created, there is
hope this increase will help support the inclusion of underrepresented minority groups;
however, the long-term trend in STEM is directly correlated to STEM participation in
higher education (Fry, Kennedy, & Funk, 2021).
Although there has been a dramatic increase in the number of STEM graduates in
the US, the number of graduates that are underrepresented minorities is smaller than their
share of the population (Fry, Kennedy, & Funk, 2021). In fact, Black students earned only
7% of the STEM bachelor's degrees and Hispanic students earned 12%. In the fields of
math, engineering and physical science degrees, minority Black students were
underrepresented, as well as Hispanic students (Fry, Kennedy, & Funk, 2021). As the
authors suggest, the gap between these two groups and Whites will not narrow
substantially, even though the representation of Blacks and Hispanics in STEM fields is
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increasing. Interestingly, women earn over 53% of STEM college degrees, but looking
more closely, most of the degrees earned are in the health sciences and life sciences and
there is a significant disparity widening in engineering and computer science fields (Fry,
Kennedy, & Funk, 2021).
Overcoming these gaps in STEM for women and underrepresented minorities
requires a careful assessment of the challenges and barriers to STEM. For
underrepresented minorities one of the primary barriers to STEM is the lack of precollege preparation necessary to succeed in STEM fields (Stayhorn, 2010; Stayhorn et al,
2013). Inadequate education due to underfunded schools, which can include the lack of
integration between the STEM subjects and deficient instruction regarding what it takes
to succeed in college, have been cited as specific barriers (Stayhorn, 2010; Stayhorn et al,
2013). The lack of resources in high school STEM also leads underrepresented minority
students needing “to catch up in college” (Stayhorn, 2010; Stayhorn et al, 2013). When
surveyed underrepresented minorities have also noted a lack of peers, role models and
leaders in their STEM field that shared a similar background. This resulted in a decrease
in support in their education and in career and a feeling of being alone and invisible
(Stayhorn, 2010; Stayhorn et al, 2013). Barriers to STEM for women include a lack of
STEM identity, as stereotypes in math and science tend to favor boys over girls in school
(Dorn, 2020). These stereotypes negatively impact motivation, achievement and success
in STEM and can originate in the learning environment that fails to provide equal support
to girls (Dorn, 2020). Bias tends to persist in other education elements (e.g. textbooks)
and can undermine STEM education and success for women. Finally the lack of role
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models, particularly at the college level can negatively impact the number of women in
these STEM fields (Dorn, 2020).
.
STEM Self-Efficacy, Role Models and Textbooks
A potential approach to increase the success of underrepresented minorities and
women in STEM education and careers would be to affect their self-efficacy. Selfefficacy is a person’s judgments of their capabilities to organize and execute courses of
action required to attain designated types of performances and can be a good predictor of
academic success (Artino, 2012). While a number of different factors are involved in the
development of healthy self-efficacy, such as enactive mastery experiences (actual
performances), it is the observation of others (vicarious experiences) that may provide an
effective tool to support underrepresented minorities and women in STEM education
(Artino, 2012). These vicarious experiences can have a deep impact for these groups as
they navigate education and careers. In fact, in one study over 80% of the women in
STEM that were interviewed rated stories about women in STEM as significant or
important to their success (Dorn, 2020).
Building self-efficacy through role models has shown to be an effective strategy
to elicit a positive impact on STEM aspirations and success for women. A recent study by
Gonzalez-Perez and colleagues (2020), evaluated a role model intervention where female
STEM participants discuss with female students about their careers. The findings from
this study demonstrated a female student’s interest and motivation in STEM can be
increased through a female role-model-base intervention (Gonzalez-Perez, Mateos de
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Cabo, & Sainz, 2020). The role model intervention helps reduce gender stereotypes and
increase enjoyment of the field and strengthens the expectation of success in these
women students (Gonzalez-Perez, Mateos de Cabo, & Sainz, 2020). In addition to
improvement of self-efficacy and motivation in STEM, providing women role models in
STEM could also affect academic success of women college STEM students. When
female students read a letter from a same-sex role model who discussed the value of a
college STEM degree were found to have higher course grades compared to control
conditions (Herrmann, 2017). These authors performed another related study in which a
role model intervention involved a story editing process was initiated prior to an exam.
As seen previously, the women students who were given the role model intervention had
higher course grades compared to matched students in the control group (Herrmann,
2017). The research from this study demonstrated using a role model intervention can
improve academic success of college women in STEM and help establish a feeling of
belonging.
In a second study, researchers sought to modify the gender composition of STEM
environments by increasing the exposure to same-sex experts to support and enhance
female students’ self-concept (Stout, 2010). Participants in the study read biographies of
successful female engineers who work in academia, industry or government from
professional websites were found to impact the implicit self concept toward STEM
(Stout, 2010). Thus, providing female college students with role models can significantly
affect their self-efficacy, implicit self concept and academic success in STEM fields.
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Science textbooks are a primary resource for learning and often highlight
historical work of influential scientists who significantly shaped their fields, but these
role models often do not represent the readers of the textbook. At the high school level,
an assessment of textbook images demonstrated that students’ retention of lesson
materials was impacted by gender based images and thus may maintain the gender gap in
STEM education (Good, Woodzicka, & Wingfield, 2010). Specifically female students
viewing counter-stereotype images had a higher comprehension of a given science lesson
compared to female students viewing the stereotypic image (Good, Woodzicka, &
Wingfield, 2010).
Other studies have been undertaken to determine if general college chemistry
textbook’s gender representations reflect gender bias. Chemistry textbooks on average
contained 50 images with human figures and 70% were male and 30% female (Becker &
Nilsson, 2021). The image bias measured in this study has the potential to reinforce
gender bias in this STEM field and could negatively impact the academic success of
female students. In biology textbooks, a recent study sought to answer the following
questions: 1) does the demographic makeup of scientists represent change over the
history of biological discovery? 2) Are the proportion of women scientists featured in
biological textbooks representative of the makeup of active biologists at the time of
discovery? and 3) what is the overall demographic representation of scientists in biology
textbooks and how does that compare to the makeup of the student population? (Wood,
2020). The authors found higher representation of contemporary women and scientists of
color compared to historical researchers. Taken all together, there remains an
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underrepresentation of relatable role models who are women or students of color in
biological textbooks (Wood, 2020). In fact, only 6.7% of the scientists mentioned in the
textbooks were people of color and black women were not represented a single time
(Wood, 2020). Finally, science textbook depiction of scientists who are women or
underrepresented minorities is not representative of the larger scientific community and
students in science. Change can be made to not only bring about equality and equity, but
the textbook is the perfect media to provide women and minority students role models in
science and positively affect their self-efficacy.

Summary
The literature review here explored the critical role the cost of college science
textbooks play in degree completion for low income students and how textbooks can
perpetuate gaps in the participation and success of women and underrepresented
minorities in STEM education. The literature review also explored the application of
open education resources (OER) as an approach to help students reduce their collegebased financial burden. In addition, textbooks are an ideal vehicle to provide women and
underrepresented minority students needed scientific role models. Finally, the findings of
this literature review will provide the foundation for a capstone project that seeks to
reimagining the role and redesign content of textbooks to help bring equity to the college
science classroom.

33

Chapter 3

METHODOLOGY

This chapter describes the methods, approaches and decisions involved in my
Western Oregon University Professional Project, the development of an Open Education
Resource (OER). I will begin with a review of the objectives of the project to provide a
rational framework in which the design, approaches, decisions and limitations of the
project can be discussed in detail. Second, I will review the context of the project, a
focused description of the student population that was the basis for the work and most
impacted by the development of the OER project. Lastly, I will detail the specific
methods, approaches and decisions that were involved in the design and development of
this project.

Project Objectives
My focus for this project was to develop an OER for veterinary pharmacology
students with the following three objectives to provide a working framework: (1) to
create an easily accessible “textbook” in an open access medium that reduces costs to the
student, (2) to provide the necessary content that is “right sized” and focused on
veterinary medicine and (3) provide support and engagement for the retention of women
and students from underrepresented backgrounds in the field of veterinary medicine.
34

These objective were built on observations, research and my teaching philosophy of
teaching for social justice. A project like this is normally an enormous undertaking, as
traditional development of a textbook or OER takes many months, a team of experts and
sometimes years to complete. Thus, it was decided to tailor the scope of this project to fit
with the time constraints defined by the Professional Project to the development of (1) a
working outline and short description of the chapters of the OER, and (2) a completed,
possibly publishable chapter, to serve as an example of the pedagogical techniques and
specific approaches that would be extended to all the chapters of the final OER. The
methodology supporting these two deliverables are described below in detail.

Context of the Project
The Open Education Resource (OER) project described here was designed and
developed to address specific educational needs. These needs originated from my
experiences as an Instructor at the Carlson College of Veterinary Medicine at Oregon
State University in Corvallis Oregon. I have been involved in the instruction of two
veterinary courses, Veterinary Pharmacology I (VMB761) and Veterinary Pharmacology
II (VMB762). These courses are two and four credits, respectively and are traditionally
administered durning the Fall and Winter terms. These courses introduce veterinary
students to the fundamentals of clinical veterinary pharmacology, with Veterinary
Pharmacology I providing the foundation of general pharmacology and Veterinary
Pharmacology II introducing students to specific clinical uses of drugs for the treatment
of animals. Instruction centers around traditional lectures that are sourced from either
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first-hand experimental or clinical experience and printed textbooks and journals. The
Veterinary Pharmacology I course relies heavily on textbook content, as it gives the
general principles of pharmacology. Unfortunately, veterinary pharmacology textbooks
currently available fail to provide a proper examination of the basic principles of
pharmacology in sufficient detail. The textbook I initially choose for the course provided
a richer review of subject and was based on human pharmacology, unfortunately the
focus on human pharmacology was found to be frustrating to students who wanted an
more animal centric approach. Finding a textbook with better fit, in the context of content
was needed.
The students enrolled in the OSU veterinary medicine program are the primary
learners. The 74 students who take these courses are second year veterinary medicine
students. After being selected to the competitive program at OSU the students form a
unified cohort that moves through a rigorous four years of coursework and laboratory
training. The students are highly motivated and have high expectations. Since around the
turn of the last century the cohort student profile has moved from being majority white
male to now being 80-85% female and minority students. These demographic changes
have occurred faster than changes in the curriculum and materials that support student
learning.

Project Design
The textbook has held an important place in the classroom and will form the basis
for the Open Education Resource (OER) in my Professional Project. The textbook is a
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cornerstone of education when effectively designed it conveys information, teaches a
subject and provides indispensable content guidance. To be successful, careful
organization and thoughtful design are required to create a textbook resource or OER that
is both informative and engaging. The first step towards my Professional Project was to
identify some of the cognitive and psychological processes that engage learners with the
goal of incorporating them into my OER.

Cognitive and Psychological Approaches
Direct instruction is the traditional process to engage learners and transmit
information by describing what students are expected to understand. For this form of
instruction to be successful, a defined set of sequential steps is needed to engage the
learner and has been summarized by Lepionka and colleagues (Lepionka, Wakely &
Gillen, 2016). The first step to activate learning is stating the objectives and expectations.
Once activated, the learner’s attention is directed through the review of prerequisite
knowledge, to prepare for new information. The presentation of new information
comprises the bulk of the instructional process in combination with sense-making
questions for optimal comprehension. Then reinforcement of the information is
accomplished through practice problems, performance assessments and providing
opportunities to outside applications. These steps, based on sound pedagogy, must be
properly structured and enmeshed into the print narrative for effective instruction
(Lepionka, Wakely & Gillen, 2016).
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In addition to the “planned” learning experience embedded in direct instruction,
indirect instruction, can expand learning by allowing students to acquire new information
on their own. Information can be acquired through observations, inquiry, modeling,
discussions, hands-on experimentation and critical thinking. The underlying pedagogical
basis of indirect instruction is to encourage critical thinking through specific
developmental steps using Bloom’s higher level stages of cognitive functioning
(Anderson & Krathwohl, 2001). Learning experiences through the indirect instruction can
be defining and clarify a problem, judgement of key information, solving problems and
drawing conclusions (Kneedler, 1985). The incorporation of these types of indirect
instruction in the print narrative can be expected to support active learning, which gives
learners the opportunity to construct, apply and extend their own understanding
(Lepionka, Wakely & Gillen, 2016).

Chapter Development: Structural Elements and Feature Strands
The next step of my Professional Project to reimagine and redesign a
pharmacology OER for the veterinary medicine students at Oregon State University was
to integrate the previously identified and described cognitive and psychological processes
with structural elements and reoccurring pedagogical features in each chapter of the
OER. As the primary purpose of a textbook or an OER is to teach a subject, the format of
each chapter must not only convey new information, but also engage the learner and lead
the learner through the new content in an organized and orderly manner. The design of
the sample chapter and future chapters of this project utilized a number of important
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elements to create a chapter apparatus or template. The two key elements of the chapter
apparatus are categorized as structural or feature strands, the latter can be defined as
regularly occurring pedagogical devices, integrated throughout the chapter to aid in
learning and understanding (Lepionka, Wakely & Gillen, 2016).
The structural element of the chapter was designed to allow for easy access to
information using a guided hierarchical arrangement. This was accomplished by creating
simple descriptive titles to identify the main concepts of the specific subject matter to be
covered in the chapter. The titles of these main concepts, or headings, were designed to
be about eight words in length and use concrete nouns to be easily understood. The
headings of the main concepts would be further broken down into various subsection
with corresponding heading titles. The arrangement of the content using these headings
and subheading followed a precise structural pattern. Primary headings, the most visible,
were general and introduced the theme, defined the concept or provided background. The
Secondary headings that fell under the Primary heading were the next most visible,
starting on their own lines, and further defining the topic. These addressed the topic or
question stated in the Primary heading. Finally the Tertiary headings started on the same
line as the content text and provide the most specific information. These headings gave
details, examples or other elaborations in regards to the Secondary heading that preceded
it. The headings were also governed by a rule where there had to be at least two
subheadings that followed a previous Primary or Secondary heading, and no single
subheadings were created. The visual structure that the headings created, provided a
quickly understood and important scaffolding of the content presented in the chapter. In
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addition, line spacing created by the heading structure in the chapter produced consistent
breaks in the text and open space to ensure the readers were not overwhelmed with
constant text.
The chapter blueprint for the sample chapter and future chapters of the OER
included important learning feature strands. These constant features were designed to
arouse curiosity, engage the reader and help navigate the content. Certain features strands
were incorporated in the sample chapter and later in future chapters. Features at the
beginning of the chapter were an introduction, an outline and learning objectives. Within
the main body of the chapter, case studies (critical thinking exercises) and biographical
profiles (current and historical) features were incorporated. Finally at the end to close out
the chapter, a list of key terms and the summary. Together these interrelated feature
strands functioned to play an important role in aiding learning and were included my
OER sample chapter.
In the opening portion of the sample chapter, the introduction was one of several
prominent features in this section of the chapter. It was designed to provide the reader a
brief description of the themes, concepts and relationships with previous chapters and
allowed the reader to develop understanding. Through this quick preview of the content,
the reader was expected to activate their interest and then using the subsequent chapter
outline, which corresponds to the Primary and Secondary headings, quickly assess and
navigate the content found within the chapter. The next feature strand at the beginning of
the sample chapter, the learning objectives, was critical to decrease uncertainty for the
reader and often left out of printed textbooks and OERs. Learning objectives told the
40

reader what it is that they would know or would be able to do after learning the content.
The placement of this feature at the beginning of the chapter served to heighten learning
anticipation and gave the reader the “right to know” what to expect. The learning
objectives also provided an effective guide to the development of the chapter that
described the prior knowledge needed, introduced terms and/or concepts to be defined,
provided a metric for learning expectations and previewed the outcome of learning. The
development of the learning objective originated from educational psychology in the
form of Bloom’s Taxonomy (Anderson & Krathwohl, 2001). Using the hierarchical
stages of cognitive functioning, expectation of learning can be determined.
The chapter blueprint also included feature strands found within the main body of
the content to further engage readers and encourage readers to use critical thinking skills
in order to be an active learner. Interspersed within the body of the chapter, case studies
were placed to simulate real world problems that could be solved by the reader using the
content of the chapter to initiate the application of critical thinking. The active learning of
the case studies invited the reader to explore the topic outside of the direct instruction of
the OER and engaged indirect instruction. The readers’ analysis and reflection initiated
during the solving of the case studies was expected to move the reader to higher orders of
cognitive thinking. Case study learning was utilized in the chapters of this OER due to
the nature of the content, veterinary medicine. It has been shown that student in the field
of medicine respond better to case-based problems, over other types of problem based
learning strategies (Srinivasan et, al., 2007). The open-ended exploration of the case was
found to encourage debate, discussion and explore ambiguity, while providing scaffolded
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support (Srinivasan et, al., 2007). One to two case studies were added to the chapters of
the OER.
On a special note, inclusion of biographical profiles served two important roles of
engaging readers in my OER project. First, these detailed descriptive accounts of
exemplar individuals corresponded to the content being covered in the chapter. The
selected topics gave greater detail of both the individual and the specific subject matter.
The second key role of the biographical feature strands was to provide a role model “that
looks like me” to women and students from underrepresented groups in higher education
and in particular veterinary medicine. The positive profiles and accounts of individuals
from these groups were found to be critical for retention of women and underrepresented
students in STEM fields (See Chapter 2). The retention of these students was one of goals
of this project, “(3) Provide support and engagement for the retention of women and
students from underrepresented backgrounds in the field of veterinary medicine.” The
addition of biographies of current women and underrepresented groups in STEM and
scientists of all types was expected to engage all readers and would also provided specific
role models (See Chapter 2). In addition, historical biographies were also be included.
These too included historical “hidden contributors” to science and more specifically
pharmacology that challenged the hegemony and monopoly of knowledge in sciences and
perpetuated in textbooks (Chacon-Diaz, 2022). There are a limited number of textbooks
that explore the representation of STEM under a historical standpoint and embedded
historical artifacts of knowledge has normalized the Western view of STEM in education
(Chacon-Diaz, 2022). The integration of biographies of women and individual of
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underrepresented groups into the chapters of my OER were significant design elements
for reader engagement.
At the end of the sample chapter two feature strands, the list of key terms and a
summary were provided additional reinforcement of understanding to the reader. The
summary was written with bulleted statements to provide a quick review of the content
was presented. The summary was written to extend learning by reiterating the learning
outcomes. The list of key terms provided the reader with central location to figure out
new content. The primary function of these chapter closers was to reinforce and extend
learning.

Digital Textbook Functions
The last two decades have seen the advent and growth of digital books (aka. ebooks) and this technology has found its way into higher education in the from of etextbooks. Although there was a great deal of optimism regarding this medium, its uptake
by student has proven to be difficult, as most student still prefer to have paper textbook
options (Lau, 2008). Yet, a number of core functions found in this medium provided
features that would aid student learning and were incorporated into the development of
the sample chapter for the OER described in this report.
Several core or basic features of digital textbooks were found to be applicable for
the OER medium of publishing. Although an OER is not considered an e-book or etextbook, due to the ability to download the content (e.g. PDF), it can be viewed/accessed
on digital devices like an e-book through e-pub software. The core features found to be
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important for the design and development of e-books were able to be incorporated into
both the digital file of chapter of the larger OER project and did not affect the printed
version (PDF) (Choi & Lam, 2018). The features that could be integrated into the OER
chapter are pop-up definition of key terms, hyperlinks for accessibility in new tabs,
embedded media files (URLs) and interactive features such as audio/video instructions
(Kaltura media). A more formal form of the OER will contain these digital features. The
features listed above provide a learning advantage, as it allows learners to receive
information in different forms (Malik & Sharma, 2016).
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Chapter 4

PROFESSIONAL PROJECT PRODUCT

The primary product of my Western Oregon University Professional Project was
based on the generation of an Open Education Resource (OER) for use in my classroom
in the College of Veterinary Medicine at Oregon State University with the goal to replace
textbooks and bring equity to low income students, women and underrepresented
veterinary students. The Professional Project presented in this chapter includes an outline
and brief discussion of the chapters of the OER for veterinary pharmacology, as well as
an example of a full, potentially publishable chapter. These two products provided the
basic scope of a potential OER and gave a detailed examples of a chapter, its features and
what would be included within a completed OER. The true effort of producing a
publishable OER project was beyond the scope of this Professional Project, but
nevertheless the production of these products were more than a worthy endeavor in the
context of the Western Oregon University Professional Project.

Open Educational Resource: Outline and Descriptions
In the development of a OER product, the creation of an outline with chapter
descriptions forms the blueprint for the ultimate product, giving the reader context and a
preview of the content. The simple scaffolding of the content in this form facilitates a
45

rapid assessment of the expected subject matter and initiates the anticipation of learning.
The planned OER was designed to address the fundamentals and principles of veterinary
pharmacology. There are eight separate chapters that are split into three primary
principles of pharmacology, (Part I) the fundamentals of drug action, (Part II)
pharmacokinetics and (Part III) clinical pharmacology, and each part builds on previous
knowledge. The outline for each chapter was structured to include the important and
salient topics found in pharmacology. The flow of the OER chapters included several
primary topics that were followed by secondary supporting topics. The descriptions of the
chapters provided important salient learning points and described expectations in a brief
paragraph. This product deliverable presented below fits within the context of the three
main learning concepts (Parts I, II and III), which were then followed by two or more
supporting chapters. Next a brief description of each chapter was presented, as well as a
brief outline of the key subjects covered. Using the PressBooks software at Oregon State
University, a PDF copy of the chapter is attached below (Figure 1).
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FIGURE 3-1. Outline and Chapter Descriptions.
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Figure 3-1.

TABLE OF CONTENTS
Chapter Descriptions and Outlines

CONTENTS
Foreward
Preface
Acknowledgements
Introduction
Part I: Fundamentals of Drug Action
1. Drug-Receptor Interactions
2. Pharmacodynamics
Part II: Pharmacokinetics
3. Absorption and Routes of Administration
4. Distribution
5. Metabolism
6. Elimination
Part III: Clinical Pharmacology
7. Clinical Pharmacokinetics
8. Drug Toxicity and Drug-Drug Interactions

Part I: Fundamentals of Drug Action
CHAPTER 1: Drug-Receptor Interactions

Description- Pharmacology is de3ned as the study of drugs used for therapeutic bene3t and
veterinary pharmacology is focused on domesticated animals. Central to this study is the speci3c
interaction between a drug and its molecular target. These molecular targets are receptors,
protein macromolecules, found in cellular membranes and present in the cytoplasm and/or
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nucleus. The speci3c expression of these proteins and their cognate signaling transduction
pathways often dictates why one drug will affect cardiac function while another will block
neurotransmission. The molecular forces that engage both the receptor and the drug in speci3c
three-demential

interactions

ultimately

determines

cellular

responses.

The

resulting

physiological or pathophysiologic effects from cellular response determine the biological or
therapeutic activity. The biochemical changes within a cell correspond to different types of drug
receptors based on different signal transduction signals.

OutlineCon3rmation of Drugs and Receptors
• Drug binding to receptor
• Effect of membranes on drug-receptor interactions
Molecular, Cellular and Tissue-speci3c Determinants of Drug Selection
Receptor Regulation
Receptors and Signal Transductions
Types of Drug Receptors
• Enzyme-linked receptors
• Nuclear and intracellular receptors
• Ion channels
• Transmembrane coupled receptors
• Extracellular targets
• Adhesion molecules

CHAPTER 2: Pharmacodynamics

Description- The de3nition of pharmacodynamics is the study of the effects of a drug on the
body or biological process. The perspective that this de3nition establishes is clear and involves
speci3c responses of an individual cell, tissue and/or organism, as well as responses of larger
populations. The quanti3cation of these effects of a drug serve to determine the dose-response
relationships, which can identify therapeutic or toxic doses and compare potency and ef3cacy
of one drug to that of another drug. Two properties associated with drugs and their interaction
with receptors, af3nity for the receptor and intrinsic activity, which result in a response are
de3ned as agonists or antagonists. Agonists mimic natural mediators of receptor activation
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and have both af3nity and intrinsic activity. Antagonists block receptor activation and only
have af3nity. Other cellular factors in4uence drug effect that are not related to drug-receptor
interactions.

OutlineDrug-receptor interactions
Drug action and drug effect
Dose response relationships
• Graded
• Quantal
Receptor Ligands
• Types of agonists
• Types of antagonists
Factors contributing to drug effect
• Spare receptors
• Tachyphylaxis
Therapeutic Index

Part II: Pharmacokinetics
CHAPTER 3: Absorption and Routes of Administration

Description- In keeping with the central tenant of pharmacokinetics, what the body or organism
does to the drug, drug absorption is determined by physiological barriers. These barriers limit the
access of the drug to the body and a clinically effective drug must meet certain requirements
to be useful. The quantitate assessment of absorption, bioavailability, is important to determine
therapeutic doses. In addition, drug absorption is impacted by the routes of administration. The
inherent advantages and disadvantages of the different routes of administration can determine
the overall ef3cacy of a drug.

OutlineGeneral principles
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• Physiologic barriers
• Membranes
• Diffusion
• Transport
Absorption
• Bioavailability
• Bioequavalence
Routes of Administration
• Alimentary routes
• Parenteral routes
• Other routes

CHAPTER 4: Distribution

Description- Following the administration and absorption, a drug then disperses throughout
various tissues in the body using endogenous systems within the body. Distribution is the
reversible movement or transfer from one tissue to and other. The primary dispersion system
is blood vessels, but can also include the lymphatic system and interstitial 4uid. Proteins in the
blood, such as albumin, can bind drug and affect the distribution. Redistribution of the drug
from the site of action to another tissue can reduce the response. To understand the kinetics of
distribution compartment modeling is used and this modeling is based on a number of simple
assumptions regarding the tissue and dispersion systems. Another useful concept to assess drug
distribution is the volume of distribution.

OutlineCompartment Modeling
• One and two compartment
• Non linear
Modeling of Kinetics of drug distribution
Volume of distribution
Redistribution
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Plasma binding proteins

CHAPTER 5: Metabolism

Description- The term metabolism in pharmacology refers to the modi3cation of a drug that
alters its activity and its ability to be excreted. Drug metabolism occurs primarily in the liver,
but other tissues like the kidney and lungs have the potential to modify drug compounds. The
modi3cation of drugs and other chemicals that enter the body are carried out by an array of
enzymes that mediate Phase I or Phase II reactions. Drug modi3cation by Phase I reactions can
pharmacologically inactivate or activate drugs through oxidative or reductions processes. Phase
II reactions involve the conjugation of largely polar molecular moieties that in combination or
independent of Phase I reactions, result in the formation of polar metabolites. The increase in
polarity of the parental drug facilitates excretion in the urine. The metabolism of drugs in some
cases may lead to the bioactivation of toxic compounds or the conversion of prodrugs to an
active drug. The expression of enzymes involved in the the metabolism of drugs is altered by
hormones, environmental compounds, other drugs and herbs.

OutlineSites of drug metabolism
Types of drug metabolism
• Phase I oxidation and reduction
• Phase II conjugation
Bioactivation and prodrugs
First pass elimination
Intestinal organism metabolism
Induction and inhibition of metabolizing enzymes

CHAPTER 6: Excretion

Description- The elimination of drugs and drug metabolites is referred to as excretion. The
primary organ for drug excretion is the kidneys. The clearance of a drug in based on its molecular
size, its lipid solubility and polarity. The more polar a drug or metabolite is, the more ef3ciently
these molecules are eliminated as they freely diffuse across the tubular membrane and remain
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in the urine. Renal elimination can be impacted by process that alter the drug concentration and
through passive and active reabsorption. In addition, drugs and drug metabolites can be excreted
by other systems, such as biliary elimination.

OutlineRenal excretion
• Glomerular 3ltration
• Proximal tubular secretion
• Passive and active reabsorption
Biliary and other excretion

Part III: Clinical Pharmacology
CHAPTER 7: Clinical Pharmacokinetics

Description- Dynamic interaction between the primary tenants of pharmacokinetics, absorption,
distribution, metabolism and excretion, determines the ultimate conditions in which a drug
reaches its intended target. Using these basic principles, therapeutic dosing can be addressed
and an optimal dosing regimen created. The concepts of bioavailability, volume of distribution,
clearance, elimination constant and half-life of a drug are used to maintain peak plasma drug
concentrations that are below the toxic threshold, and the trough levels above minimally
effective levels, thus bringing therapeutic bene3t to the patient.

OutlineVolume of distribution
Clearance
Half life
Bioavailability
Therapeutic dosing
• Frequency
• Loading dose
• Maintenance dosing
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CHAPTER 8: Drug Toxicity and Drug-Drug Interactions

Description- The primary use of drugs is to produce a bene3cial physiological outcome. Therapy
that comes from the proper use of a drug is desired, but unfortunately other potential unwanted
effects exist in the form of drug toxicity. Many of these toxic responses or side effects are a
result of the ultimate mechanism of action of a drug, but are the result of other attributions
mediated by the prescriber or during administration that leads to an improper dose, or patientspeci3c factors such as age, sex, and genetic and species differences. The toxic responses, known
as adverse drug reactions, can be the result of on-target effects where the intended receptor is
engaged by the drug or off-target effect where the drug induces other receptors or physiologic
pathways. There are a number of different categories of adverse drug reactions, but the primary
two are Type A and Type B. These two types of responses are de3ned by dose and can include
allergic reactions and events that cannot be fully explained by drug dose changes, known as
idiosyncratic. When multiple different drugs are used (polypharmacy) to treat a patient, drugdrug interactions can result in toxicity of suboptimal therapy. The categories of these drug-drug
interaction are base on (1) pharmaceutic physical mechanisms that occur outside of the body
(e.g. in a vial), (2) pharmacokinetic mechanisms and (3) pharmacodynamic related to the intended
or expected therapeutic outcomes. Drug interactions are important to be aware of and while
judicious or proper use of more than one drug at a time can greatly bene3t patients, adverse
responses can result, but are often avoidable.

OutlineThe Role of Dosing and Dose Reactions
Mechanisms of Toxicity
• On-Target Toxicity
• Off-Target Toxicity
Classi3cation of Adverse Drug Reactions
• Type A Reactions
• Type B Reactions
Special Consideration: Feline Adverse Drug Reactions
Pharmaceutic
• Physical incompatibility
• Chemical incompatibility
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Pharmacokinetic
• Absorption
• Distribution
• Metabolism
• Excretion
Pharmacodynamic
Drug-herb or supplement
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Open Educational Resource: Chapter Example
The second product or deliverable for my Western Oregon University
Professional Project was the creation of a potentially publishable sample chapter to
highlight details of the content structure, learning features, design and more importantly
the inclusion of elements that provide women and underrepresented veterinary students
role models and supportive historical perspectives to encourage retention in the field. The
example chapter product, CHAPTER 8: DRUG TOXICITY AND DRUG-DRUG
INTERACTIONS, was written based on this important aspect of pharmacology. The
content of the chapter was presented in a general fashion to align with the primary
guiding principle to provide the fundamental principles of pharmacology accessible for
veterinary students. The chapter is interspersed with features described in Chapter 3 of
this thesis. Using the PressBooks software at Oregon State University, a PDF copy of the
chapter is attached below (Figure 2).
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FIGURE 3-2. Sample Chapter.
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Figure 3-2.

1.

CHAPTER 8: DRUG TOXICITY AND
DRUG-DRUG INTERACTIONS

Introduction: The primary use of drugs is to produce a bene3cial physiological outcome.
Therapy that comes from the proper use of a drug is desired, but unfortunately other potential
unwanted effects exist in the form of drug toxicity. Many of these toxic responses or side
effects are a result of the ultimate mechanism of action of a drug, but can also be a result of
other attributions mediated by the prescriber or during administration that leads to an improper
dose, or patient-speci3c factors such as age, sex, and genetic and species differences. The toxic
responses, known as adverse drug reactions, can be the result of on-target effects where the
intended receptor is engaged by the drug or off-target effect where the drug induces other
receptors or physiologic pathways. There are a number of different categories of adverse drug
reactions, but the primary two are know as Type A and Type B. These two types of responses are
de3ned by dose and can include allergic reactions and events that cannot be fully explained by
drug dose changes. When multiple different drugs are used (poly-pharmacy) to treat a patient,
drug-drug interactions can result in toxicity or suboptimal therapy. The categories of these drugdrug interaction are base on (1) pharmaceutic physical mechanisms that occur outside of the
body (e.g. in a vial), (2) pharmacokinetic mechanisms and (3) pharmacodynamic related to the
intended or expected therapeutic outcomes. Drug interactions are important to be aware of and
while proper use of more than one drug at a time can greatly bene3t patients, adverse responses
can result, but are often avoidable.

Outline:
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What Are Adverse Drug Reactions?
The Role of Dosing and Dose Reactions
Mechanisms of Toxicity
On-Target Toxicity
Off-Target Toxicity
Classi3cation of Adverse Drug Reactions
Type A Reactions
Type B Reactions
Special Consideration: Feline Adverse Drug Reactions

What Are the Types of Drug-Drug Interactions?
Pharmaceutic
Physical incompatibility
Chemical incompatibility
Pharmacokinetic
Absorption
Distribution
Metabolism
Excretion
Pharmacodynamic
Drug-herb or supplement
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Learning Objectives

1. Identify and describe the types of drug toxicity and adverse drug reactions.
2. Be able to apply your understanding of drug allergies to what you might encounter in treating
animals.
3. Differentiate the three types of drug-drug interactions, pharmacokinetic, pharmacodynamic
and pharmaceutic.

What are Adverse Drug Reactions?

The Role of Dosing and Drug Toxicity
The biological and therapeutic response of a drug in a population is described by a quantal dose response
relationship and this relationship is also in involved in unwanted or toxic e.ects (Chapter 2). The therapeutic
index, an extension of a drug’s quantal dose response, is the range of doses that favor a wanted therapeutic
response without inducing unwanted e.ects or toxicity in a population. Thus, when discussing drug toxicity,
the dose of the drug plays a central role.
The unwanted e.ects of a drug is termed an Adverse Drug Reaction (ADR) when the drug is properly
dosed. Toxicity is then directly related to the extension of the a drug’s intrinsic mechanism of action or
pharmacological action and is harmful. A de0nition of Adverse Drug Reaction is a response to a drug which
is noxious and unintended and occurs at doses normally used for prophylaxis, diagnosis, therapy of disease,
or for the modi0cation of physiologic function. Another term that might be encountered is Adverse Drug
Event (ADE). Although related to Adverse Drug Reaction, an Adverse Drug Event is a any unexpected and
inappropriate or inconvenient medical occurrence that may present during treatment with a pharmaceutical
product, but does not necessarily have a direct causal relationship with this treatment.
Factors that can be involved in the development of an Adverse Drug Reaction and drug toxicity are often
related to the patient and the prescriber. Patient factors such as age, sex, species, genetic abnormalities (known
or unknown), and co-morbidities (e.g. organ dysfunction) can a.ect the response of a drug. In addition, the
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prescriber of the drug has a signi0cant role in any potential drug toxicity. Factors like giving the incorrect dose,
not administering the drug correctly, not taking into consideration of other drugs being co-administered and
giving the drug longer than medically needed can produce drug toxicity.

Mechanisms of Toxicity
On-target toxicity is the result of the drug binding its intended receptor, but at sub-optimal levels or
receptors on non-target tissues. These expected pharmacological e.ects can be augmented by changes in
exposure or sensitivity to the drug and induce toxicity (Figure 8.1).
• Changes in pharmacodynamics, such as increased receptor expression on the cell, can also result in
unwanted on-target toxicity, even when the drug exerts its desired mechanism of action. These on-target
responses can reveal other functions of the drug receptor target in the context of a disease state, genetic
mutation and species di.erence. Disease and other factors can alter the expression of the cognate drug
receptor on new tissue.
• Changes in pharmacokinetics can alter the bioavailable concentration of the drug due to changes is
metabolism or excretion. These pharmacokinetic changes can extend the duration of the active drug in
the patient.
O!-target toxicity is the result of the drug binding to an unintended target. It can be expected that drugs are
not fully selective to a given receptor and have the potential to interact with multiple other molecules. These
unintended o.-target interactions can be the source of toxicity (Figure 8.1).
• Drug enantiomers, chemical mirror-image isomers, of drugs can bind to o.-target receptors. The
unique three-dimensional drug-receptor induced 0t can be di.erent due to enantiomers. These separate
chemical molecules can induce di.erent pharmacological responses with di.erent receptors.
• Unintended activation of di.erent receptors can occur among receptor families that share common
homology, such as adrenergic receptors.
• Di.erent receptors (o.-target) on non-target tissue can be responsible for toxicity.
• The metabolism of drugs by enzymes di.erentially expressed in diseased patients or di.erent species can
result in metabolites that bind o.-target receptors.
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FIGURE 8.1

PROFILE IN VETERINARY PHARMACOLOGY

Deborah Kochevar is Professor and Dean Emerita at Cummings School of Veterinary Medicine
at Tufts University. Dr. Kochevar is a former Congressional Science Fellow to the Senate Labor
and Human Resources Committee, a diplomate and past president of the American College of
Veterinary Clinical Pharmacology, and is active in the American Veterinary Medical Association,
having chaired its Council on Education and the Educational Commission for Foreign Veterinary
Graduates. She completed service as president and chair of the Board of Directors of the Association
of American Veterinary Medical Colleges in 2013. She has published in peer-reviewed research and
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teaching journals and garnered extramural funding for her work. She has won college, university,
and national level teaching awards and has developed special interests in international aspects of
health education, including the importance of inter-professional One Health curricula.

Classications of Adverse Drug Responses
The classi0cation of Adverse Drug Responses is primarily based on dose. The classi0cations can also include
time and removal of the drug. Up to six di.erent adverse drug reactions exist, although two, Type A and Type
B, reactions are predominately observed.
Type A Reactions are an extension of the intended pharmacologic activity or the mechanism of action
that occurs throughout the population and is dose related. The observed undesirable pharmacological e.ects
happen at inappropriate doses. Type A reaction are the most common ADR observed and are the most
predictable, since the physiological consequence io the drug aligns with the drug’s pharmacological e.ect.
Although Type A reactions tend to be mild, they have the potential to be fatal. The toxicity related to Type A
reactions are often called side e.ects.
Type B Reactions are di/cult to predict and will occur in a few susceptible animals. The reactions are
not predictable, not dose-responsive and can produce severe pathophysiological injury, including multi-organ
involvement and can result in death. These reactions will often have an immune or genetic basis.
1. Idiosyncratic reactions di.er from expected pharmacologic e.ects for unknown reasons and the
abnormal reactivity to a chemical is particular to a given individual. These responses can be extensions
of the physiologic e.ect of the drug, but idiosyncratic reactions can also produce unrelated reactions to
the expected pharmacological response. The abnormal responses can be exaggerated or can be an
abnormal lack of a response to a drug. Another key feature of an idiosyncratic reaction is that they do
not seem to increase with dose and in fact, can be triggered at lower than normal dosing.
2. Allergic reactions are immunologically mediated, and characterized by antibodies or lymphocytes upon
re-exposure of the drug. The nature of the allergy to a drug is predicated on the previous exposure to the
drug or a closely related substance. The allergic reaction can be triggered by small amounts of
drug. While some drugs, such as large biologics, can form direct immunogens or antigens to induce
immune responses, most drugs are small (less than 500-600 kDa) and not directly antigenic. These drugs
can form haptens that conjugate with proteins and other molecules in the body with the capability of
triggering an immune responses. The primary allergic reactions are often termed hypersensitivity
responses that can be further classi0ed in four distinct types of responses (Figure 8.2).
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◦ Type 1 hypersensitivity is considered “immediate” and can result in anaphylaxis. The mechanism
of Type 1 hypersensitivity responses is based on a drug hapten binding to IgE molecules on mast
cells, resulting in degranulation, the release of histamine, prostaglandins and cytokines. The release
of these soluble chemical mediators increases the contraction of smooth muscle cells and
permeability of capillary vessels and induce edema. Bronchoconstriction, skin rashes, such as
wheal-and-1are, and diarrhea are also clinical signs of this type drug allergy.
◦ Type 2 hypersensitivity involves drug haptens binding primarily to proteins on cells circulating
in the blood and followed by IgG and IgM antibody binding to the drug-protein complex. These
antibodies initiate the 0xing of complement or recruitment of cytotoxic cells, resulting in cellular
lysis. Clinical signs of this drug allergy is hemolytic anemia, agranulocytosis, and
thrombocytopenic purpura.
◦ Type 3 hypersensitivity reactions are characterized by immune complexes that are formed when
drug haptens bind to soluble proteins and then are bound by IgG and IgM antibodies. These
antigen-antibody complexes are deposited on target tissues like kidney, lung vascular epithelium
and joints, resulting in the activation of complement and tissue damage. The damage clinically is
manifested as serum sickness, fever, glomerulonephritis and in1ammation.
◦ Type 4 hypersensitivity reactions are cell-mediated and delayed. Drug antigens activate T-cells
that mediate cytotoxic reactions and release of cytokines. The responses require T-cells to be preconditioned to the antigen where the 0rst exposure to the antigen does not produce a response, but
upon re-exposure antigen-speci0c T-cells are activated. Repeated exposure or treatment of the drug
antigen can result in massive immune responses highlighted by fever, hypotension and organ
failure.
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FIGURE 8.2
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Julia Pearl Hughes (born in 1873) was an African American pharmacist, best known for her political
activism, a successful chemical company, and being the 3rst African American woman to own a
pharmacy. Only 2 years after graduating from Howard University with her Doctor of Pharmacy, Dr.
Hughes opened her own drug store “Hughes Pharmacy” in 1899. In the 1910s, Dr. Hughes would
use her background in chemistry to develop a line of hair products (speci3cally for coarse/kinky
hair), lotions and cleansers, which would later become a fruitful business called the “Hair Care-Vim
Chemical Company”. Dr. Hughes was also heavily involved in progressive movements, served as the
pharmaceutical secretary for the National Medical Association, and was the 3rst African American
woman to run for an elective of3ce position in New York. She is now celebrated for providing
access to safe drugs and products for segregated communities, while also advocating for diversity in
medicine.

Special Consideration: Feline Adverse Drug Reactions
Adverse drug reactions can manifest in large and small animals, but special consideration should be taken with
cats, as they are particularly vulnerable to drug toxicity. The heightened sensitivity can be linked to a de0ciency
of drug metabolizing enzymes. Cats have lower Phase I metabolizing enzyme activity compared to other species
and have a de0ciency in glucoronide transfer Phase II enzymes. These di.erences extend the half-life of a
number of commonly used drugs, such as NSAIDs and opioids. In addition, cats require a lower dosage or
increased interval of other drugs compared to dogs.

What are the Types of Drug-Drug Interactions?

Drug-drug interactions are important to consider, as multiple drugs are often used at the same time in the
same patient (poly-pharmacy). The chance of two or more drugs interacting can alter the pharmacological
e.ectiveness of a response of one drug caused by the presence of another drug. Interactions in the patient
are typically not through physical contact, but related to interplay between target or non-target receptors and
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metabolic enzymes. The intended or expected response of one or both drugs maybe increased or decreased
due to an interaction. Drug-drug interactions, thus, should always be considered when unexpected or
variable pharmacological results are observed. Drug-drug interactions follow three kinds of mechanisms:
pharmaceutic, pharmacokinetic and pharmacodynamic.

Pharmaceutic Interactions
Pharmaceutic interacts occur ex vivo, outside of the patient, and are characterized by chemical or physical
interactions when two drugs are mixed. These incompatibilities can result in the inactivation of one or both
drugs and worst cases can increase toxicity. The mixing of drugs in a vial or syringe should not be done to avoid
this type of drug-drug interaction. The two types of incompatibility interaction are physical and chemical.
Physical incompatibility is characterized by interactions with other drugs when mixed or can occur when
the drug is diluted or reconstituted with the inappropriate solution. In these cases a precipitate may form or
the solution is cloudy.
Chemical incompatibility is in general related to the intrinsic properties of the drug compound and are
a.ected by pH, oxidation/reduction responses and complex formation. The maintenance of activity of many
drugs is dependent on pH. Mixing of acidic drug solutions with basic drug solutions can alter the drug stability
and activity. Redox reactions (reduction-oxidation) can reduce drug activity or potency and complexes may
form between cationic drugs and ionic drugs.

Pharmacokinetic Interactions
Drug-drug interactions can occur when two di.erent drugs a.ect the pharmacokinetics of one or both of the
drugs. The e.ects of any drug-drug interactions on the absorption, distribution, metabolism and excretion can
modify the action of one or both drugs.
Absorption of one drug after oral administration can be a.ected by another drug that in1uences gut
activity and processes. Drugs that increase or decrease gut motility (emptying), can speed or delay the delivery
of another drug to the intestine. These e.ects will limit or increase the absorption of a drug in these two organs.
Although most drugs are weak acids or weak bases, the pH of the gut can determine the absorption of that
drug. An increase in the pH of the gastric compartment by certain drugs will a.ect the absorption of weak acid
drugs.
Distribution of a drug can be altered by another drug through a mechanism of plasma protein binding.
Many drugs bind to circulating plasma proteins, such as albumin, with various levels of a/nity. Competition
between two drugs to binding sites on these plasma proteins can alter plasma concentrations when one
drug is rapidly displaced. The resulting increase in free drug can produce an exaggerated response, increased
probability of toxicity and increased excretion.
Metabolism of a given drug by Phase I and/or Phase II enzymes can be widely a.ected by induction or
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inhibition of these two enzyme systems mediated by another drug. Changes in metabolism have the potential
to result in a decrease of e/cacy or an increase in toxicity. Drugs that inhibit metabolizing enzymes have the
ability to prolong the action of other drugs, as well as adverse e.ects mediated by unexpected increases in
concentration and decreased half-life. In contrast, the induction of metabolizing enzymes by one drug can
facilitate the rapid biotransformation of other drugs. The increase in metabolic activity diminishes the e/cacy
and duration of action of a drug given to a patient at the proper dose and results in the sub-optimal therapeutic
activity.
Excretion of a drug primarily is carried out by the kidneys and other drug interactions can alter renal
clearance and reabsorption. Competition between drugs for a shared active transport mechanism in the
kidneys can e.ectively reduce excretion of one or both drugs. Acidic and basic drugs actively transported
into the urine are primarily e.ected, but passive transport in the proximal tubules can also be altered by drug
interactions, resulting in reabsorption. The change of pH in the urine by one drug can change the ionic drug
absorption or excretion by ion trapping in the bladder of a second drug. Increased urine 1ow by speci0c
diuretic drugs can decrease the reabsorption of other drugs in the nephron and increase excretion.

Pharmacodynamic Interactions
Drug-receptor interactions that produce physiologic e.ects can be induced or inhibited by the presence of
drugs with similar or opposing actions. These drug response are related to the action of the receptor rather
than the chemical structure of the drug.
Complementary receptor pathways activated by two or more drugs increase the potential for toxicity and
result to an exaggerated physiological e.ect. The e.ects of the increased pathway activation can be (i) additive
where the biological sum of each drug’s action is experience, or (ii) synergistic where the combination produces
an e.ect that is greater than the sum of the two drugs activity alone.
Antagonistic e.ects are the interference with drug e.ects on receptor function. The interruption of
physiological e.ects of a receptor occurs when the receptor is competitively bound by two or more drugs. The
inhibition can be direct or allosteric, alteration of the active site of the receptor after binding to a secondary site
on the receptor not associated with the active site. Antagonism is also encountered when di.erent receptors
a.ect the same secondary messenger system with intrinsic opposing physiological e.ects. The drugs that
interact with the di.erent receptors e.ectively interfere with the ultimate physiological process.

Other Considerations: Drug-Herb Interactions
The e/cacy and toxicity of a drug is a.ected by other non-drug substances and chemicals found in foods or
herbs given for various reasons. Considering a number of the drugs used for therapeutic bene0t are derivatives
of compounds found in plants, herbs often contain a complex mix of biologically active compounds that can
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interact with prescribed drugs. The unregulated application of herbal products should be taken into account
when administering drugs and when unexpected outcomes are observed.

CASE STUDY

A male 8 year old mixed breed dog (50 lbs) was prescribed a macrolide antibiotic for a cough. The
following day it was admitted to a hospital for loss of consciousness. Its medical history included
hypertension, atrial 3brillation and chronic kidney disease. The owners reportedly gave a calciumchannel blockers, nifedipine, an angiotensin receptor blocker for the hypertension. At admission the
dog’s had hypotension and a low pulse rate. Physical examination showed no abnormal 3ndings and
his peripheries were warm.
The differential diagnoses considered were septic shock, cardiogenic shock and hypovolaemic shock.
However, the patient’s respiratory symptoms were mild, and he required no supplemental oxygen.
Cardiogenic shock was ruled out by transthoracic echocardiogram. Even after his heart rate increased
to 70 bpm after atropine administration, his blood pressure showed no improvement. He showed no
signs of 4uid loss to suggest hypovolemic shock.
Discuss the complex drug interactions that contributed to hypotension in this patient.

Summary
• Induction of a toxic drug response or adverse drug response can be “on-target” where the
target receptor is engaged or “off-target” and another unintended receptor is engaged.
• Type A drug toxic reactions are an extension of the intended mechanism of action and is
related to dose.
• Type B drug toxic reactions are not dose related and can be severe.
• Drug-drug interactions can alter the levels of toxicity and therapy.
• Pharmaceutic interactions involve chemical and physical incompatibilities that occur
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outside of the body.
• Pharmacokinetic interactions are harder to anticipate and occur when one drug alters the
absorption, distribution, metabolism or excretion of a second drug.
• Pharmacodynamic interactions are caused by drugs with related mechanism of actions
and are easier to anticipate.

Key Words
1. Adverse Drug Reaction- a response to a drug that is noxious and unintended and occurs
at doses normally used in man for the prophylaxis, diagnosis or therapy of disease, or for
modi3cation of physiological function
2. Adverse Drug Event- when a patient is harmed by a medicine
3. Enantiomers- are a pair of molecules that exist in two forms that are mirror images of one
another but cannot be superimposed one upon the other.
4. Idiosyncratic- unique to an individual.
5. Hapten- small molecule that stimulates the production of antibody molecules only when
conjugated to a larger molecule, called a carrier molecule.
6. Antigen- any substance that causes the body to make an immune response against that
substance.
7. Polypharmacy- the simultaneous use of 3ve or more prescription drugs.
8. Redox reaction- oxidation-reduction reaction involves a transfer of electrons between two
chemical species.
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Chapter 5

SUMMARY AND CONCLUSION

The Professional Project, to initiate the development of an Open Education
Resource to bring equity to my veterinary pharmacology classroom at Oregon State
University, described in this thesis can be considered a success, as it resulted in the my
continued professional development as an instructor within the framework of the Western
Oregon University Graduate Learning Outcomes and it contributed to a creative and
innovative approach to improve learning and education. The outcomes and significance
of this project are discussed here, including challenges and limitation of this project. In
addition, I will briefly discuss the future steps to be completed outside of the framework
of this capstone project.

Summary
Briefly, the project described in this thesis originated from my desire as an
educator for social justice to bring equity to low income or financially struggling students
through the reduction of the cost of textbooks, but also to provide equitable support to
women and underrepresented students by connecting these students with historical and
current successful individuals that “look like me” in a textbook. Another goal was to
provide students in my classroom at Oregon State University a textbook that would
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provide content that better aligned with their degree pathway, veterinary science,
compared to the current required textbook that focus on human pharmacology. After
researching the role of textbooks in higher education and the limitation, popular beliefs
and costs associated with them, I decided to explore the development of an Open
Education Resource (OER) to replace the textbook in my classroom. The Open Education
Resource (OER) approach is innovative and supported by higher education institutions to
help students cope with high textbook costs. Indeed, Oregon State University (OSU)
strongly encourages the use of OERs and has a created an expert group to address this
need. The OER group at OSU was a valuable tool, as I prepared the two products for this
project. With research and expert support in place, I prepared an OER chapter outline
with descriptions and a potentially publishable sample chapter.
The textbook is not the normal approach to bring equity to a classroom, but
innovative technologies based on digital media and perceptions of this medium have
changed to allow for creative adaptations. Although students are becoming more
comfortable with digital textbooks, they. still appreciate the traditional print versions and
the open education resource (OER) provides these two forms and other variations to
accommodate all students. The PressBook software available through the Oregon State
University was a powerful tool to help me to build a sample chapter that could be
supported in print or digitally and still look like a traditional textbook. The strength of the
OER is the reduced costs due these variations in forms and additional copyright
exceptions, thereby bringing equity to financially struggling students. In addition, the
design of the textbook can be easily modified using the same technologies that facilitate
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wider access. Inclusion of reoccurring key features in the OER chapters such as learning
objective, outlines, introductions, summary, case studies and key words support learners
and help navigate the content, but other features like profiles of individuals, current and
past (historical), can support equity for women and underrepresented students. These
features were included in the sample chapter. These two products/deliverables were at the
hear of this Professional Project and provide the basis for veterinary pharmacology.

Significance of the Project
The Professional Project described in this report could significantly impact the
veterinary students in my class at Oregon State University. The success and impact of the
final project was directly related to the three objectives that formed its framework.
Although the project fulfilled the goals of the objectives, there were nevertheless a
number of limitations and weaknesses that will enable additional work and shape
strategies to further expand the success of this project in the future. In addition, the
Professional Project empowered me as an educator to strengthen my practice and
improve the quality of education for my students through an innovative and creative
approach.
One of the objectives of this project was to reduce the cost of higher education for
my students by creating an accessible open education resource (OER) to replace the
expensive pharmacology textbooks required or recommended for my course. The
deliverables of the this project are the outline of the OER and one sample chapter out of
eight planned chapters. While limited is size, this has successfully provided a strong
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foundation for larger published OER. The outline of the OER and a sample chapter will
guide the generation of the other parts of the OER. When a published OER is in place and
implemented in my class, the ultimate reduction in cost mediated by the OER to the
students of my pharmacology class can be fully assessed. At this time an estimate of
student savings could be roughly predicted. The savings takes into account the cost of the
current material/textbook, up to $400 for all the material, and the cost of the OER, free in
digital format and thus could be hundreds of dollars in the most extreme cases, but
students have in many ways already reduce costs. Could this cost savings provide equity
to financially struggling students? Yes, depending on the student and if the student were
to buy all the course material. A more detailed survey with students could determine the
ultimate financial impact. Thus, the development of an OER, initiated in this Professional
Project and completed in the coming months, will likely bring financial equity to some of
the students in my classroom.
The second objective of this project was to provide scientific content that was
better focused on veterinary medicine. Previous textbooks used in the course were often
based on human pharmacology. Although these textbooks related in many ways to
veterinary pharmacology, the students often requested a more veterinary focus. The
development of an OER provided the opportunity to build the most appropriate material
for the optimal learning, basic principles of pharmacology, which I demand as an
instructor, in the context of veterinary medicine, which is demanded by the students. The
significance of the blending of the two content expectations from me and the students
will not be fully appreciated until the completed OER is beta-tested in Fall 2022 or 2023;
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however, an early indication of success comes from the addition of veterinary case
studies that I include in my in-class instruction. These relevant veterinary studies have
received positive comments and active participation from the students, and could predict
success of the planned OER. The ability of an OER to facilitate quick and simple
tailoring of content and material to optimize learning is a powerful tool that should be
utilized more frequently.
The third objective of this project was to provide support and engagement for the
retention of women and students from underrepresented backgrounds in the field of
veterinary medicine. Although veterinary medicine programs have experienced a
dramatic shift in demographics with women and underrepresented student making up
80-85% of cohorts in recent years, the retention of these individuals in this science/health
field is important. From the research (Chapter 2) it seemed possible that small additions,
such as the addition of profiles of successful women and underrepresented veterinary
and/or pharmacology individuals as role models could provide in equity the end. The
OER at its heart is easily modified and tailored to the learner, and was hypothesized to be
an effective means to provide support for these groups of students. The small profile/role
model changes in the OER and the determination of their success would be difficult.
However, one comment from a woman student recently did indeed mention the lack of
role models that “looked like me”. Thus, by trying to bring equity through a textbook
might impact some of the students in my class and should be considered a success.
Finally, this Professional Project advanced my professional educational practice. I
was able to use educational technologies to build my own textbook content easily and in
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an open manner that will allow my students easy access. The ability to create my own
content will make the alignment of this material seamless with the material that is
presented in the classroom. The seamless nature of textbook and in class content
transmission to the students will effectively support learning. By preparing an open
education resource I have in part establish myself as a leader in instructional technology
in my College and Department. Finally, the completion of this Professional Project has
demonstrated to myself that I am capable of professional growth and my ideas can make
changes to how students are educated, thus you can teach an old dog new tricks.

Future Study
The development of the Open Educational Resource (OER) or replacement
textbook will continue beyond the boundaries and time-frame of my Professional Project
discussed here. The next step toward completion of the OER will be the submission of a
grant proposal to the Open Education Resource (OER) division, Adapt, Adopt, Author.
This funding mechanism was created to specifically provide resources for professional
editing and technology to ensure the OER is completed. My proposal for this funding will
use the sample chapter from this capstone project as the basis for a submission. Morning
forward on the assumption of an award of the Adapt, Adopt, Author funding, the next step
in the completion of the OER is writing the rest of the chapters. This time consuming step
is expected to take numerous months, and when completed the polished production will
be beta tested in the classroom. This step is important to determine if the content,
graphics, accessibility and interactive content functions as expected. In addition,
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feedback from the students will direct potential changes. The final stage of development
is publication of the text in an open resource network. Although this sounds like a simple
process, it could take over 6 months. Fortunately all these steps would be in collaboration
with the OER at OSU and success is expected.
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